Acinetobacter type strains and isolates from wastewater treatment plants were differentiated by PCR fingerprinting. On the first level, PCR fingerprinting with two tRNA-gene specific primers (T5B and T3A) was used for the identification of species (genospecies 1 to 17). On the second level, a single arbitrary primer (DAF 4) was employed for strain differentiation. Upon comparison ofAcinetobacter type strains with 28 sewage sludge isolates, 2 could be classified as belonging to A. johnsonii, 8 isolates could be classified as A. lwojfii, 8 could be classified as A. baumannii, and 9 isolates were very closely related to the Acinetobacter species A. junii; only 1 isolate could not be classified as one of the Acinetobacter type strains. The PCR fingerprinting method was found to be a reproducible and fast method for differentiation and identification of Acinetobacter isolates. Because of some resulting discrepancies compared with previously described identification schemes, e.g., DNA-DNA hybridization methods, the original identification experiments should be repeated and the results should be reassessed.
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Members of the genus Acinetobacter are a subject of intense research because these ubiquitous organisms are gaining increasing importance in medicine (15) , biotechnology (20, 21) , and the environment (24) . On that account, the fast and accurate identification of Acinetobacter isolates is important not only for epidemiological, but also for ecological, research.
The genus Acinetobacter as originally proposed by Brisou and Prevot 1954 (10) comprises a heterogeneous collection of bacteria which differ phenotypically and genotypically. Because they share many similarities in morphology and physiology with members of the genera Moraxella, Branhamella, and Neisseria (13, 14) , currently unresolved difficulties in identifying and classifying Acinetobacter strains exist.
A number of recent studies have attempted to set up reliable identification schemes based on DNA homology (7) (8) (9) 25) , but until now there have still been some inconsistencies in these identification schemes. Moreover, they are not complete because mostly clinical isolates were used in the development of these schemes. Soddell et al. (23) showed that none of the published phenotypically based identification systems for Acinetobacter isolates performed well with nonclinical isolates obtained from wastewater treatment pilot plants.
Several methods, such as biochemical assays, serological reactions, and the comparison of cell envelope protein patterns (1) (22) . For the purpose of species identification, a pair of tRNA gene-specific consensus primers was used (27) .
In order to compare strains within Acinetobacter species, we used random amplified polymorphic DNA (RAPD) fingerprinting with a single arbitrarily chosen primer (26, 29) .
The primers T3A (5'GGGGGTTCGAATTCCCGCCGGC CCCA3') and T5B (5'AATGCTCTACCAACTGAACT3') used for tRNA consensus fingerprinting (27) consensus tRNA sequences (tDNA-PCR) are identical or nearly identical within a species (27) . Fingerprints on the species level obtained by using the tRNA consensus primers T5B and T3A (27) showed different band patterns for all of the 17 Acinetobacter species investigated ( Fig. 1 and 2) , except for the band patterns ofA. johnsonii and of the Acinetobacter sp. 9 strains. The banding patterns of the three Acinetobacter sp. 9 strains were identical with the banding pattern ofA. johnsonii, thus suggesting their classification as a species very closely related to A. johnsonii (Fig. 2B) . (Fig. 1A) .
The pattern obtained with strain I of A. iwoffli, classified by the analysis of phenotypical properties, was different from the other two A. Iwoffli patterns. However, it was nearly identical with the pattern obtained from the A. junii type strain, thus suggesting that the strain is more closely related toA. junii than to A. iwoffii (Fig. 2A) .
The analysis of banding patterns obtained by tRNA consensus fingerprinting showed that the strain ofAcinetobacter sp. 16 and the strain of Acinetobacter sp. 15 and also the strains of Acinetobacter sp. 14 and Acinetobacter sp. 17 are very closely related (Fig. 1B) .
Analysis of the amplification products with the automated sequencer ALF (Pharmacia Biotech) confirmed these results ( Fig. 3 and 4) . The traces delivered by the ALF system allowed easy comparisons of peak patterns and clear decisions on the identity of peak positions because of the high resolution inherent in a DNA sequencer.
A comparison with the band patterns obtained from the sewage isolates analyzed in this work showed that strain Fo-3 from the sewage plant at Forchheim could be assigned to one of the known species, namely, A. johnsonii (Fig. 2) . The polyphosphate-accumulating Acinetobacter sp. strain 210 A, which had been characterized previously by Bonting et al. (6) by biochemical and genetic methods, also showed an A. johnsonii-typical banding pattern (Fig. 2B) . The isolates from the sewage plant at Langen could be divided into three species because of the three different banding patterns obtained (Fig.  5) . Analysis of these banding patterns with the automated sequencer ALF showed that the isolates from the Langen sewage plant could be identified as A. baumannii and A. Iwoffii and as a species very closely related to A. junii (Fig. 6 ).
Strain Br-2 showed a unique pattern, different from the patterns of all investigated Acinetobacter genospecies used in this work. The fingerprints of cells from the strain Br-2 in the linear growth phase and after a resting phase of some weeks were identical (data not shown).
In addition, the analysis of banding patterns obtained by tRNA consensus fingerprinting revealed a previous misassignment of an Acinetobacter strain, which was classified as A. anitratus by biochemical characterizations but could be unequivocally assigned to the species A. baumannii by the PCR method.
The strains of Moraxella bovi (DSM 6328) and Psychrobacter immobilis (DSM 7229) showed an identical banding pattern (Fig. 2B) ; fatty acid analysis with the Hewlett-Packard 5890 gas chromatograph showed that the strain classified as Moraxella bovi is a Psychrobacter immobilis strain. The identification was obtained by the Microbial Identification System (MIS) computer program, which compared the fatty acid spectra of reference strains (Institut fuir Medizinische Mikrobiologie und Hygiene).
Psychrobacter immobilis (Fig. 2B) Fig. 7A and Fig. 8) .
The strains which were classified as A. johnsonii showed different banding patterns except for two of the three Acineto- bacter sp. 9 strains; Acinetobacter sp. 9 M and Acinetobacter sp. 9 B are thus possibly identical or very closely related (Fig. 7B) .
Again, the results obtained with the automated system were consistent with results obtained by silver staining of polyacrylamide gels (data not shown), thus showing that fingerprint 3) ; consequently, the isolates can be divided into three species (see Fig. 6 ). analyses can be performed with the ALF sequencer, making use of its inherent benefits (e.g., the superior resolution and the automated electronic storage of data).
DISCUSSION
In the past few years, it became clear that phenotypic differentiation is not sufficient for the exact determination of species or strains of Acinetobacter and some other genera. In many cases, an exact taxonomic classification cannot be obtained even if complex determination systems are employed. In particular, difficulties arise with nonclinical isolates ofAcinetobacter (23) . If purify the DNA beforehand. Since it was found that identical band patterns are obtained both after a simple cell lysis and with DNA extracted from the cells, crude lysates were used throughout this study. The influence of growth stage of cultures was found to be negligible; the fingerprints of cells from the strain strain Br-2 in the linear growth phase and after a resting phase were identical. Minor differences in band intensities were sometimes seen on silver-stained gels, suggesting different patterns (e.g., Fig. 1, lanes 3 and 4) . However, the ALF traces demonstrated their high similarity (e.g., Fig. 3 , traces 6 and 7).
The PCR fingerprinting method, which has been established in recent years as a universal method for classifying a number of bacterial species and other organisms (19, 26, 28, 29) are, in our experience, however, completely identical reaction conditions, e.g., Mg2+, primer, and enzyme concentrations as well as the temperature and number of PCR cycles.
A comparison of Acinetobacter type strains with isolates from wastewater treatment plants revealed that only 2 of 28 strains could be classified as A. johnsonii. These two displayed different (strain-specific) RAPD patterns. Interestingly, both strains were capable of storing large amounts of polyphosphate. In other investigations of Acinetobacter strains from treatment plants with biological phosphate removal, polyphosphate-accumulating strains of A. johnsonii (genospecies 7) were isolated (4, 5, 11, 17, 23) . However, other polyphosphatestoring Acinetobacter strains, e.g., Br-2, could not be classified by their fingerprint patterns as one of the previously described genospecies. It is possible that A. johnsonii is the dominant species under certain conditions in wastewater treatment plants with biological phosphorus removal. On the other hand, our results with the isolates La 1 to La 25 and Br-2 show that Acinetobacter species other than A. johnsonii can also occur in a very large population: A. Iwoffii, strains very closely related to the species A. junii, and, interestingly, also A. baumannii. Normally, A. baumannii strains have been found to be a frequent source of hospital-acquired infections (12) .
Because of the difficulties encountered in these investigations and in investigations of other authors using genetic traits to obtain a complete taxonomic classification of nonclinical isolates, the species division of the genus Acinetobacter, especially of strains from nonclinical biotopes, is still provisional, and this genus probably requires further species division. The precise characterization of a large number of Acinetobacter isolates by PCR fingerprinting should improve our knowledge of the ecology of the different Acinetobacter species. 
